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MODIFICATION OF BENNETT'S METHOD FOR THE
HISTOCHEMICAL DEMONSTRATION OF FREE
SULFHYDRYL GROUPS IN SKIN* t
HERBERT MESCON, M.D.t ANT) PETER FLESCH, M.D., PaD.l
Older methods for the histochemieal demonstration of free sulfhydryl groups
have several shortcomings. With the nitroprusside reaction, sulfhydryl groups
yield a pink color which fades shortly after staining (1, 2, 3, 4). Stabilization of
the reaction by pretreatment with zinc salts has not gained wide acceptance
(5, 6). Use of the nitroprusside reaction on frozen skin sections failed to reveal
clear localization of the stain partly because skin could ordinarily not be cut at
less than 15 to 20 micra by routine frozen section methods.
The synthesis of a red sulfhydryl reagent (7) represents an improvement over
the older methods. The reagent, 1-4 (chloromcrcuriphcnylazo)-naphthol-2, was
used by Bennett for the histochemical demonstration of free sulfhydryl groups
in various frozen-dried and trichioracetic acid-fixed, alcohol treated sections
(8, 9, 10). With the aid of the Adamstone-Taylor technic (11) we were able
to cut frozen skin sections at 5 to 7 micra with little distortion and stain them
with Bennett's reagent. The stain was also applied to routine formalin-fixed,
paraffin-embedded sections.
METHODS
Human skin tissue was obtained from 68 surgical biopsies and 6 autopsies and
treated according to the following directions:
A. Frozen Sections
1. Immediately after biopsy, freeze tissue and section 5 to 7 micra at once, using the modi-
fied Adamstone-Taylor technic (12).
2. Transfer the section, still frozen, onto a clean glass slide (12). As the section thaws,
place the slide immediately into an 80% alcoholic solution of the sulfhydryl reagentf for
1 to 3 hours.
3. Dehydrate through 95% alcohol, absolute alcohol and xylol.
4. Mount in balsam or dante.
* From the Department of Dermatology & Syphilology (Donald M. Pillsbury, M.D.,
Director), University of Pennsylvania School of Medicine.
t This work was done under a Damon Runyon Clinical Research Fellowship recom-
mended by the Committee on Growth of the National Research Council and administered
by the American Cancer Society, Inc. and was supported in part by a cancer control grant
from the National Institute of Health, U. S. Public Health Service, CS-9147.
t Damon Runyon Clinical Cancer Research Fellow.
§ Damon Runyon Senior Research Fellow.
Presented at the Twelfth Annual Meeting of the Society for Investigative Dermatology,
Inc., Atlantic City, New Jersey, June 7, 1951.
The red sulfhydryl reagent, l-(4-chloromercuriphenylazo)-naphthol-2, was prepared
as described by Bennett and Yphantis (7). A saturated alcoholic solution was made by dis-
solving 3 mg. of the dye in 100 ml. of 100% alcohol by stirring for 4 to 1 hour at room tem-
perature. The solution was filtered and diluted with 25 ml. of distilled water to make a final
concentration of 80% alcohol by volume. This solution was stored in a dark bottle at 4°C.
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B. Paraffin Sections
1. Fix tissue in 10% formalin and embed in paraffin.
2. Section and deparaffinize in routine manner with xylol and absolute alcohol.
3. Immerse in 80% alcoholic solution of sulfhydryl reagent* for 1 to 3 hours.
4. Dehydrate and mount as described above for frozen sections.
RESULTS
With Bennett's reagent, tissue components with free sulfhydryl groups stain
light orange. Sections of skin prepared by the frozen tissue technic (placed into
the sulfhydryl reagent within 2 to 5 minutes after biopsy had been taken) did
not differ appreciably in sulfhydryl staining from formalin-fixed, paraffin-em-
bedded tissues. This is in agreement with the findings of Walker (3). Biopsy and
FIG. 1. Normal human skin treated with SH reagent showing staining of all nucleated
elements, including capillary endothelium. Collagen does not stain.
autopsy material gave similar staining results. Paraffin-embedded or frozen sec-
tions stained with the above methods did not fade during an observation period
as long as one year.
Staining Reactions
In general, nuclei stained. (Fig. 1) Where the cytoplasm was also sulfhydryl
positive, its color was less pronounced than that of the nuclei.
1. Epidermis
Stratum corneum stained minimally or not at all when the sections were left
in the reagent up to 1 hour. Longer immersion in reagent caused staining similar
to that of the stratum spinosum. The degree of staining was proportional to the
length of the period of exposure to the reagent. Parakeratotic horny layers some-
times stained more deeply.
Immediately beneath the keratin layer, a relatively thin band of increased
7-
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staining was observed in most, but not in all, specimens. This occurred regard-
less of the presence of a stratum granulosum (identified on alternate sections
stained with hematoxylin-eosin).
Stratum spinosum stained moderately, with the nuclei staining more heavily
than the cytoplasm. In paraffin sections the nuclei were more conspicuous than
in frozen sections, possibly because of shrinkage. The nucleoli and intercellular
bridges stood out prominently; however, light refraction made interpretation of
this finding uncertain.
Stratum basale appeared more strongly stained than the stratum spinosum.
In part, this could have been attributable to melanin.
FIG. 2. Sebaceous glands stained with SH reagent. Note diminution of staining as the gland
cells disintegrate.
Clear cells did not appear more heavily stained than the cells of the stratum
germinativum.
2. Corium
Basement membrane was not demonstrable.
Collagenous, reticulum and elastic fibers did not stain. All nuclear elements of
the corium stained well. These included lymphocytes, granulocytes (poly-
morphonuclear leukocytes, neutrophils), fibroblasts and fibrocytes.
Capillary endothelium stained, particularly the nuclei.
The hair follicle showed staining properties similar to the surface epithelium.
The hair bulb and the hair medulla stained, the cortex did not.
The outer layers of the sebaceous glands stained more strongly than the inner
layers, in inirect proportion to the degree of cellular disintegration (Fig. 2).
Erector pili muscles, both nuclei and cytoplasm, stained deeply and diffusely.
Eccrine sweat glands (including myoepithelial elements) and ducts stained well
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and with equal depth. The nuclei stood out more prominently than the cyto-
plasm.
Apocrine sweat glands stained diffusely, with some accentuation of the nuclei.
Empty acini, as evidenced by large central lumina and low epithelial lining,
stained more deeply, especially at their bases, giving the appearance of a base-
ment membrane.
Fat cell nuclei stained.
DISCUSSION
Bennett's reagent reacts with free sulfhydryl groups according to the follow-
jng equation (10):
HO
RSH + Cl Hg—<---N=N- —-
HO
+ HC1
The histochemical reactivity of sections of the skin with this reagent is in good
agreement with the staining obtained with the nitroprusside method which also
stains nucleated elements only. The only major discrepancy between the two
staining methods is the occasional light to moderate staining of the stratum
corneum with Bennett's reagent; this layer does not take up the nitroprusside
stain, as a rule. On the basis of this negative nitroprusside reaction of the horny
layer, the theory has been advanced that in soft keratins all the sulfur is in the
form of disulfide linkages and there are no free sulfhydryl groups present (4).
This statement is open to criticism on several counts. It had been shown that the
nitroprusside stain is greatly influenced by the permeability of the tissue (13) and
it is conceivable that failure of penetration of the nitroprusside solution into
the keratin accounts for the negative results. Moreover, in certain conditions
characterized by excessive keratinization, the horny layer exhibits a positive
nitroprusside stain (14). Finally, we were able to show by direct chemical meth-
ods the presence of appreciable amounts of free sulfhydryl in isolated keratotic
scales (15). Other authors also reported the occurrence of free sulfhydryl groups
in soft keratins (16, 17). Therefore the staining of the stratum corneum with
Bennett's reagent does not invalidate the apparently specific nature of the affin-
ity of the reagent to free sulfhydryl groups.
With our method we were able to observe under the horny layer the occurrence
of a dark band which has been claimed to be characteristic for the so-called
"keratogenous zone" of hard keratinization (nail, hair cortex, hoof, etc.), as dis-
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tinguished from soft keratinization (epidermal keratin, hair medulla, etc.) in
which the "Malpighian layers reacted homogenously throughout, even in the
stratum granulosum" (18). This distinction between soft and hard keratiniza-
tion could not be confirmed by Lapiere (14). Our observations also indicate that
this concentration of sulfur in the keratogenous zone which gave rise to much
speculation, is not limited to the process of hard keratinization but can be found
also in epidermal soft cornification.
The advantages of the modified Bennett technic over previous methods lie
in its simplicity and rapid execution. The compounds used and the resultant
stained material are stable.
The disadvantages of this method are the following: The dye is not yet avail-
able commercially and its synthesis is time-consuming. It is occasionally diflicult
to distinguish the pale orange color of the stained sulfhydryl-positive material
from light refraction of unstained sulfhydryl negative tissue. There is no sharp
end point for the length of time of immersion in the dye to obtain optimum
staining. Prolonged immersion (e.g. 48 hours) usually results in overstaining of
the section with minimal coloring of the collagen which is known to be free of
sulfhydryl groups. However, relative differences are still readily discernible.
Although to date no chemical or histochemical data have been presented to raise
doubt as to the specificity of the reagent for sulfhydryl groups, work with Ben-
nett's compound has been restricted to relatively few tissues.
In view of these shortcomings, this stain is most useful for comparative pur-
poses. Significant results are easily obtainable when sections from different blocks
of tissue are stained simultaneously in the same solution of the reagent for the
same length of time (19).
SUMMARY
1. A simplified method for the histochemical demonstration of free sulfhydryl
groups with Bennett's reagent is described.
2. Similar results were obtained on formalin-fixed, paraffin-embedded and on
frozen sections.
3. In general, all nuclear elements took up the stain.
4. The advantages of this method are its simple and rapid execution, and the
stability of the color of the stained sections. The disadvantages are the uncertain
endpoint and the pale color of the stained material.
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DISCUSSION
DR. STEPHEN ROTEMAN, Chicago: Giroud used the sodium nitroprusside re-
action for histochemical demonstration of sulfhydryl groups. He found a strongly
colored band just below the horny layer at the level of the granular layer. He
called this band the keratogenic zone. If it were really true that there is a higher
concentration of sulfhydryl groups in the granular layer than in the rete cells
below it, this would indicate that before keratinization occurs, polypeptide chains
unfold whereby hidden sulfhydryl groups are liberated. This process would
then be followed by the bridging over of free sulfhydryl groups so that disulfide
bridges result. In one of the pathologic slides presented here there was no gran-
ular layer but a strong keratogenic zone. I wonder what the presenters' experience
has been concerning this zone and its relation to the granular layer.
DR. FLESCH, Philadelphia: In agreement with other authors, we were unable to
confirm Giroud's claim concerning the absence of the keratogenous zone in soft
keratinization. In their recent paper (Ann. N.Y. Acad. Sci., 53: 613, 1951) Giroud
and Leblond again claimed that a keratogenous zone could be found in hard kera-
tinization only, but not in soft keratinization. We could observe this so-called
keratogenous zone in most, but not in all sections of the epidermis. It could be
seen regardless whether or not there was parakeratosis or a granular layer present.
